Objective: To explore a) the relationship between parents'/guardians' dental anxiety and oral health literacy and b) those between these variables and background and oral health-related characteristics. Methods: Survey data were collected from 187 parents/guardians (81% female; average age 37 years). Dental anxiety was measured with the Dental Anxiety ScaleRevised (DAS-R) and oral health literacy with the Rapid Estimate of Adult Literacy in Dentistry (REALD-30). Children's dental charts were reviewed to collect information about their dental treatment. Results: DAS-R and REALD-30 scores were correlated (r = −0.22; P = 0.003). A multivariate regression model with DAS-R score as the dependent variable showed that the DAS-R score has a significant multivariate association with REALD-30, oral health, income, and presence of fillings. Conclusions: Dental anxiety and oral health literacy are related. However, DAS score has a significant multivariate association with the four variables REALD-30 score, oral health, income, and presence of fillings. These findings show that among socioeconomically disadvantaged patients, the contributors to poor oral health are interrelated and multidetermined and include poor oral health literacy and dental anxiety. The public health message is that in order to improve the overall oral health of socioeconomically disadvantaged patients, public health stakeholders need to consider how to communicate with these patients effectively and how to reduce dental anxiety. Gaining a better understanding of how to communicate with parents a) at an appropriate literacy level and b) in a way that it reduces dental anxiety is therefore crucial.
Introduction
Research in the United States and in other countries has shown that dental anxiety in adults is widespread (1, 2) and is a common reason for avoiding dental visits (3, 4) . Avoiding routine dental care is likely to result in poorer oral health (5, 6) . In addition, parents with higher dental anxiety scores are less likely to take their child to the dentist than parents with lower dental anxiety scores (7) . The fact that parents from lower socioeconomic backgrounds and with lower levels of education are more likely to have dental anxiety than their more affluent and better educated counterparts (1,2,8-10) deserves attention, because it might affect the way they access dental care services for their children, who are more likely to have oral health problems than children from middle-and upper-class socioeconomic backgrounds (11, 12) .
Research has shown that families from poorer socioeconomic backgrounds are more likely to have lower levels of health literacy (13) . Health literacy is defined as the degree to which patients are able to obtain, process, and understand basic health information and services needed to make appropriate health decisions (13) . A recent study showed that almost half (43%) of the adults in the United States were unable to comprehend and navigate printed materials related to everyday issues such as health, safety, and finance (14, 15) . Adults with lower health literacy were 1.5 to 3 times more likely to encounter poorer health, to underutilize health resources, to have higher rates of chronic diseases, and to engage in unhealthy behavior (16, 17) . Patients with poorer health, those with less education, and those from underrepresented minority backgrounds were more likely to have lower health literacy (14, 18) .
Health literacy is also relevant in connection with patients' knowledge about oral health-related issues (19, 20) , oral health behavior (19) , and utilization of oral health care services (21) . In addition, adults with lower oral health literacy were also less likely to seek dental care for their children (22) .
Oral health literacy can be assessed in a reliable and valid fashion with the Rapid Estimate of Adult Literacy in Dentistry (REALD-30) instrument (17) . This scale consists of 30 words related to dentistry that range from easy-to-read words such as "sugar," "smoking," and "floss" to very difficult words such as "hypoplasia," "apicoectomy," and "temporomandibular." One advantage of this instrument is that it takes only approximately 2 to 3 minutes to administer. Research has shown that REALD-30 scores are correlated with the respondents' educational background; their oral health-related knowledge, oral health behavior, and perceived oral health status; the interval between dental visits; and behavior with regard to seeking dental care for their children (17, 19, 22, 23) .
No research so far has explored the relationship between dental anxiety and oral health literacy, despite the fact that both of these factors are clearly related to adults' oral health (3, 4, 6, 10, 19) and oral health care utilization (3, 4, 21) as well as to parents' behavior with regard to accessing oral health care services for their children (22, 24) . The first objective, therefore, is to explore the relationship between parents'/ guardians' dental anxiety and oral health literacy. Considering that a lack of understanding might result in higher dental anxiety, it is hypothesized that the lower patients' oral health literacy, the higher their dental anxiety will be.
The second objective is to revisit the question of how patients' background and oral health-related characteristics will be related to their level of oral health literacy and dental anxiety. It is especially important to understand which of these factors are significant predictors of dental anxiety in a regression model. Previous research has shown that poorer oral health literacy scores are clearly related to lower levels of education and income (13) , poorer self-reported oral health, a lower likelihood that patients had visited a dentist during the past year, and higher numbers of oral health care experiences for their children (17, 19, 22, 23) . Research also showed that the more dental anxiety patients had, the lower their family income (1, 2, (8) (9) (10) , their self-reported oral health (5, 6) , and the likelihood of having seen a dentist during the previous year (3, 4) , and the more dental treatments their children had received. Based on these previous findings, it is hypothesized that Dental Anxiety ScaleRevised Version (DAS-R) scores will be significantly predicted by several factors, with REALD-30 scores being of particular importance.
Materials and methods
This study was approved by the Institutional Review Board (IRB) for the Behavioral and Health Sciences at the University of Michigan, Ann Arbor, MI, USA.
Respondents
An a priori power analysis with the program package G*Power 3.1.2 (http://www.psycho.uni-duesseldorf.de/ abteilungen/aap/gpower3/download-and-register) was conducted to compute the needed sample size given α = 0.05, power = 0.95, and a medium effect size of 0.5 when testing for significant differences in average responses between respondents with lower and higher oral health literacy using onesided t-tests for independent samples. The result showed that a sample size of 176 patients was needed. The inclusion criteria were that the respondents a) were accompanying children 11 years of age or younger to a regularly scheduled dental appointment; b) were fluent in English; (c) gave written consent; and (d) signed a Health Insurance Portability and Accountability Act (HIPAA) form that stated that they allowed the researchers to collect information about the child's prior dental treatment from the child's clinical chart.
Data were collected from 187 parents/guardians who brought their child for a regularly scheduled dental appointment at a pediatric dental clinic at a Midwestern dental school. A response rate cannot be computed because no records were kept about how many parents agreed or did not agree to participate in the study. However, the data were collected over a 6-week period by one staff person, who was only available a few hours per day. Parents received free parking vouchers as an incentive for their participation. Most respondents were mothers (n = 143), with fewer respondents being fathers (n = 33) or guardians, grandmothers, grandfathers, aunts, and others (n = 11). The parents/guardians ranged in age from 19 to 70 years (mean = 37 years; SD = 8) and had on average 14.1 years of education (SD = 3.0). The children's dental records were reviewed to collect information about the dental treatment received.
Procedure
When the parents/guardians arrived with their child for a regularly scheduled appointment at the pediatric dental clinic, they were asked by a research staff person if they were native English speakers. If they were native English speakers, they were informed about the study. Parents who were interested in participating received consent and HIPAA forms. Only respondents who signed both forms were eligible to participate in the study. No assent was sought from the pediatric patients because they were less than 12 years old, and no data were collected from them in person. Once the respondents had signed both forms, the parents/guardians received the survey. After they completed the survey, the interviewer administered the REALD-30 test to assess the respondents' level of oral health literacy. This test was administered in a private space outside of the waiting room area in a secluded part of the clinic. The pediatric patients' charts were reviewed at a later date.
Materials
Both the consent and HIPAA forms were prepared according to the IRB guidelines. They both stated explicitly which data would be collected in the survey and in the chart review. The survey consisted of three parts. Part 1 asked about the respondents' background characteristics. Part 2 gathered information about the respondents' oral health characteristics, such as their self-reported oral health, their last dental visit, and their dental anxiety. Dental anxiety was determined with the DAS-R (25) . This scale consists of four items that ask respondents to indicate their level of dental anxiety concerning four dental visit-related situations on a five-point scale. An answer of "1" indicates that the parents are relaxed, and an answer of "5" expresses the highest level of dental anxiety. The answers to the four items were summed to create a total DAS-R score. The DAS-R is a reliable and valid instrument that can be used to get a quick assessment of dental anxiety (26) . Part 3 consisted of the REALD-30 instrument (17) . This test was administered by the trained interviewer, who had trained by practicing administering the REALD-30 as well as rating the audiotaped responses of 10 persons. Analysis of the interviewer's responses showed that the interviewer was well prepared to administer this test.
Statistical analyses
The data were analyzed with SPSS (Version 18). Descriptive statistics such as frequency distributions, means, and standard deviations were computed to describe the respondents' background characteristics (see Table 1 ). Independentsample t-tests and univariate analyses of variance were used to explore whether subgroups of respondents differed in their DAS-R and REALD-30 scores (see Table 2 ). Pearson correlation coefficients were computed to determine the relationships between the DAS-R and REALD-30 scores and continuous variables such as age and years of education (see Table 2 ). Two multivariate regression models were computed, one for the DAS-R scores and the second for the REALD-30 scores, using stepwise methods to reduce each model to only significant covariates (see Table 3 ). All background and oral health characteristics included in Table 2 were considered in these multivariate regression models as independent variables. A significance level of P ≤ 0.05 was accepted as significant. Table 1 provides an overview of the respondents' background and oral health-related characteristics. The respondents' answers concerning their self-reported oral health ranged from "1" (poor) to "5" (excellent). Only 63% of the respondents had visited a dentist during the previous year. Fifty-nine of the patients who had not seen a dentist provided an answer concerning why they had not utilized dental care services, with 11 respondents providing two answers. The reasons for not going to the dentist were that the respondents had no insurance (n = 48), couldn't afford it (n = 9), were too busy (n = 7), or had no existing dental problems (n = 6). None of these respondents mentioned dental anxiety as a reason for not visiting a dentist during the past year.
Results
The respondents' dental anxiety was assessed with the DAS-R (25). The Cronbach's alpha reliability coefficient for this scale was 0.87. The answers to the four items were summed to create a total DAS-R score. The responses to each of the four items ranged from "1" (relaxed) to "4.75"; the average total DAS-R score was 7.9 (SD = 3.6). The REALD-30 (17) oral health literacy scores ranged from a lowest score of 7 to the highest possible score of 30 (mean = 23.4; SD = 4.7). Family income during last month (US$), n (%)
19 (10) Parents' oral health-related characteristics Self-reported oral health, mean ± SD (range)* 2.8 ± 1.1 (1-5) Dental visit during last year, n (%) 118 (63) DAS-R score, mean ± SD (range) † 7.9 ± 3.6 (4-19) REALD-30 score, mean ± SD (range) ‡ 23.4 ± 4.7 Due to rounding, percentages may not add up to 100%. * Possible scores range from 1 (poor) to 5 (excellent). † Possible scores range from 4 (lowest dental anxiety) to 20 (highest). ‡ Possible scores range from 0 (lowest oral health literacy) to 30 (highest).
W.K. Shin et al.
Parents' dental anxiety and oral health literacy Parents' dental anxiety and oral health literacy W.K. Shin et al. Table 2 shows that the respondents' DAS-R and REALD-30 scores correlated, as predicted (r = −0.22; P = 0.003): The lower the oral health literacy scores were, the more dental anxiety the respondents had.
In addition, Table 2 also provides an overview of the univariate associations of the parents' background characteristics, their and their children's oral health-related characteristics, and the DAS-R and REALD-30 scores. While no significant associations were found between the DAS-R scores and background characteristics, the data showed that parents who rated their oral health as poor or fair had more dental fear than parents who rated it as good, very good, or excellent. In addition, parents whose children had no fillings in their primary or permanent teeth had lower DAS-R scores than parents of children with fillings.
Concerning the relationships between the REALD-30 scores and the respondents' background characteristics, Table 2 shows that males had lower REALD-30 scores than females. The higher the oral health literacy scores were, the more years of education the respondents had. Parents with low family incomes had the lowest REALD-30 scores, and parents in the highest income groups had the best REALD-30 scores. Parents who described their oral health as poor or fair had lower REALD-30 scores than parents who described it as good, very good, or excellent. Parents whose children had had pulp treatment in primary or permanent teeth had poorer REALD-30 scores than parents of children who had not had such treatment. Table 3 provides information about the multivariate associations among the parents' background characteristics, their own and their children's oral health characteristics, and the DAS-R and REALD-30 scores. This table shows the results of putting all variables described in Table 2 into multivariate regression models for the DAS-R and REALD-30 scores, using stepwise methods to reduce each model to only significant covariates. The DAS-R scores had significant multivariate associations with four variables, namely with the REALD-30 scores, the parents' self-reported oral health scores, family income (high vs. low), and whether the children had fillings. The associations of the REALD-30 scores and the oral health responses with the DAS-R scores are stronger than those of income and fillings with the DAS-R scores. The REALD-30 scores had significant multivariate associations with four variables, namely with the DAS-R scores, the parents' income (high vs. low), the parents' gender, and years of education.
Discussion
Gaining a better understanding of how to assure that children from socioeconomically disadvantaged backgrounds will receive the oral health care services they need is not merely a structural problem but is definitely also related to behavioral and psychological factors. For example, Wang and colleagues showed that only approximately half of the socioeconomically disadvantaged parents who had brought their young children for an emergency or first appointment to a pediatric community dental clinic returned for a scheduled operative follow-up visit -even though they did not have to personally pay for this visit (27) . However, when these authors used visual information to educate these parents about the scheduled treatment, the return rate increased to over 90%, and several other factors improved at the follow-up visit as well. Using visual information might have been one way to overcome oral health literacy issues in this situation. Research on low oral health literacy has shown its effects on patients' oral health behavior (19) , their knowledge about oral health issues (19, 20) , and especially their own utilization of oral health care services (21) and their children's likelihood of receiving dental care (22) . This study considered one additional factor that might be related to oral health literacy, namely dental anxiety.
The central objective was to explore, for the first time, whether there was a negative relationship between DAS-R and REALD-30 scores. Both the univariate and multivariate analyses showed that there were associations between these two variables. At this point, one can only speculate about the underlying dynamic behind these findings. One could argue that if parents do not understand information about their child's diagnosis and treatment plan provided during a dental visit, they might experience a raised level of uncertainty, which in turn might create dental anxiety. Future research should focus on exploring these relationships and their underlying dynamic.
However, informing clinicians about this finding could reinforce the fact that it is important to communicate effectively with patients with lower oral health literacy and also to respond to their treatment needs in a way that reduces their level of dental anxiety.
In addition to considering the implications of these findings for dental providers' interactions with their patients, it also seems worthwhile to consider how public health dentistry could develop interventions to counteract the negative consequences of poor oral health literacy and dental anxiety. Understanding how information can be made available to the public in such a way that patients with low oral health literacy can benefit from that information is crucial.
Going beyond considerations concerning the relationships among dental anxiety and oral health literacy and the other findings presented in Tables 2 and 3 draws attention to the complexity of the issues involved. Concerning the univariate findings related to the associations of background and oral health-related characteristics with dental fear, it is important to realize that some relationships that were predicted based on the findings of previous research could not be replicated, such as the relationships between dental anxiety and the respondents' gender, socioeconomic background, and level of education (1, 2, 9, 10) . However, the fact that only a minority of the parents had high dental fear scores and the fact that these patients were likely to come from a lower-class socioeconomic background might have played a role in this context.
Consistent with earlier findings, significant associations were found between several variables and the respondents' DAS-R scores. The higher the respondents' dental anxiety was, the poorer their self-reported oral health was. This finding replicated findings from previous studies (3) (4) (5) (6) 10) . However, this study did not replicate previous findings that showed that average dental anxiety was correlated with the likelihood of utilizing dental health care services (3, 4, 6, 10, 28) . This finding might be due to the fact that many of these socioeconomically disadvantaged parents might not have had an opportunity to access oral health care services due to structural factors. However, their dental anxiety scores were related to whether their child had fillings or not. This finding was consistent with previous research that showed that the more dental anxiety parents had, the higher was the child's need for dental treatment (7) .
The results related to the respondents' REALD-30 scores are consistent with several previously found relationships between oral health literacy and parents' background characteristics, such as their years of education (19, 23, 29) and level of family income (29) . In addition, oral health literacy scores were also associated with self-reported oral health. Surprisingly, research has not yet explored this relationship in depth. While research in the medical field has clearly demonstrated that health literacy is correlated with systemic health (16, 17) , the relationship between oral health literacy and adults' oral health deserves further investigation. Finally, it is interesting that the parents' REALD-30 scores were correlated with whether their child had had a pulp treatment. This finding could be a consequence of the fact that parents with lower oral health literacy scores are less likely to seek dental care for their children than parents with higher oral health literacy scores (22, 23) .
This study had several limitations. First, the respondents' own oral health was only assessed with a self-report measure. An actual oral health assessment would have provided further insights into the relationships among dental anxiety, oral health literacy, and oral health outcomes among these respondents. Given that research on the relationship between adults' oral health literacy and oral health is scarce, having objective oral health data would have allowed a better understanding of these issues. Second, the pediatric patients' oral health-related characteristics were not assessed in actual screening exams. Instead, a chart review was conducted to collect information about the children's oral health. Any treatment that the pediatric patients had received before they became patients in the dental school clinic might not have been recorded in their current clinical charts. Not having data from on-site oral exams of both the parents and the children did not allow a more in-depth analysis of the relationship among the respondents' dental anxiety, their oral health literacy, and their own and their children's oral health status.
A third limitation is concerned with the way the respondents' dental anxiety was assessed. Given that this concept was of central importance, it might have been beneficial not only to assess it with the DAS-R scale, but in addition to use other scales as well. Finally, these data were collected in a dental school clinic. This fact could imply that patients with dental phobias might not be present among the respondents because they might have avoided bringing their child for a dental visit. In addition, parents who bring their child to a dental school clinic might differ in their characteristics from patients in community-based dental clinics or private dental offices. Future research should take these concerns into consideration.
Conclusions
This first study on the relationship between parents' dental anxiety scores and their level of oral health literacy shows that these two constructs are related.
However, these findings also draw attention to the complexity of the issues involved in this context. It seems justified to consider that factors affecting poor children's oral health are interrelated and multidetermined but include parents' lower oral health literacy skills and higher dental anxiety scores.
The public health message is that better communication between parents of pediatric patients and dental care providers is important, especially when these parents have lower oral health literacy and higher dental anxiety scores. In order to reduce oral health disparities, public health stakeholders need to find ways to overcome barriers due to low oral health literacy and high dental anxiety.
